Eimeria rangiferis (Protozoa: Eimeriidae) reported from caribou in Ameralik, West Greenland by Skírnisson, Karl & Cuyler, Christine
This journal is published under the terms of the Creative Commons Attribution 3.0 Unported License
Editor in Chief: Birgitta Åhman, Technical Editor Eva Wiklund and Graphic Design: H-G Olofsson, www.rangiferjournal.com 25Rangifer, 35, (1) 2015
Brief Communication
Eimeria rangiferis (Protozoa: Eimeriidae) reported from caribou in 
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Abstract: In recent decades the native Barren-ground caribou (Rangifer tarandus groenlandicus) south of the Godthaabs 
fjord (Nuup Kangerlua fjord) in West Greenland have mixed with semi-domesticated Norwegian reindeer (R. t. taran-
dus) imported in 1952 from Finnmark Norway and released onto the range of the Ameralik caribou population. Fecal 
samples from three calves of the Ameralik caribou population were examined for the presence of nematode eggs and 
eimerid oocysts. Two distinct nematode egg types were observed: the first, Nematodirella longissimespiculata, was found 
in all calves, while the second, a strongylid nematode, was detected in one calf. The coccidian eimerid Eimeria rangiferis 
was identified in all calves. This host-specific eimerid is found in Icelandic feral reindeer, which were also imported 
from Finnmark Norway. We suggest that Finnmark reindeer were the source of Eimeria rangiferis observed in Ameralik 
caribou today. There are three possible origins for the presence of N. longissimespiculata in Ameralik, 1) arrival with 
colonizing caribou from North America within the past 4000 years, 2) the 1952 introduction of semi-domesticated 
Norwegian reindeer, or 3) the current immigration of muskoxen.
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Introduction
Until 1952 indigenous wild caribou (Rangifer 
tarandus groenlandicus) were the only large 
herbivore present in West Greenland (ca. 61°- 
69°N). That year 263 semi-domesticated rein-
deer (R. t. tarandus) from Finnmark in northern 
Norway were imported to West Greenland and 
released onto the range of the Ameralik caribou 
population whose abundance was low (Cuyler, 
1999). The Ameralik range includes areas both 
east and south of the Godthaabs fjord (Nuup 
Kangerlua fjord) and contains Greenland’s cap-
ital city, Nuuk. Although initially, hired Nor-
wegian Sami herders strictly contained reindeer 
distribution to the Itvinera-Kapisillit husband-
ry area, by 1978 locals had that responsibility. 
Herd control was lacking, and with each passing 
year the reindeer expanded further beyond the 
husbandry district. By the end of the century 
reindeer occupied the entire Ameralik caribou 
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range and interbreeding was common (Jepsen 
et al., 2002, Cuyler et al., 2003). At present the 
Ameralik population may exhibit morphologi-
cal characteristics of both subspecies (Cuyler et 
al., 2007). Recent surveys for abundance of the 
Ameralik population provided estimates of ca. 
10,000 and 12,000 animals for 2006 and 2012 
respectively (Cuyler et al., 2007, unpublished). 
Recently, Steele et al., (2013a; 2013b) exam-
ined intestinal parasites in the adjacent Akia-
Maniitsoq population (ca. 64°- 66°N), which is 
north of Nuuk and separated from the Amera-
lik caribou by the ≥ 5 km wide Godthaabs fjord. 
One reindeer-specific helminth, the abomasal 
nematode Ostertagia gruehneri, was identified 
(Steele et al., 2013b). Fecal samples revealed 
strongyle-type eggs (presumably O. gruehneri), 
eggs of a Nematodirinae nematode, eggs of an 
Anoplocephalidae cestode (probably Moniezia 
sp.) and two varieties of Eimeria oocysts (Steele 
et al., 2013a). Similar parasite fauna may be ex-
pected in the Ameralik caribou, since a 1995 
genetics study revealed that Norwegian semi-
domestic reindeer had crossed the Godthaabs 
fjord and mixed with the Akia-Maniitsoq cari-
bou (Jepsen et al., 2002). Parasitological stud-
ies on the indigenous Kangerlussuaq-Sisimiut 
caribou population (ca. 66°- 68°N), which is 
yet further north and without contact to other 
populations in West Greenland (Jepsen et al., 
2002), revealed three nematode species (Nema-
todirella longissimespiculata, Marshallhagia mar-
shalli, Teladorsagia boreoarcticus), perhaps an 
Anoplocephalid cestode and two morphologi-
cally different coccidians (Eimeria spp.) (Claus-
en et al., 1980; Korsholm & Olesen, 1993; 
Steele et al., 2013a; 2013b).
Similar to West Greenland, Iceland also re-
ceived reindeer from Finnmark Norway by the 
end of the 18th century. Today, six reindeer-
specific protozoan parasites (Eimeria spp., Sar-
cocystis spp.) are known in Icelandic reindeer 
(Gudmundsdottir, 2006; Gudmundsdottir & 
Skírnisson, 2005; 2006; Dahlgren et al., 2007). 
This confirms a successful long-term transmis-
sion of these host-specific parasites after trans-
location of their hosts. 
Our study is the first time intestinal para-
sites from the Ameralik caribou are examined. 
We focused on intestinal parasites and searched 
for nematode eggs and eimerid oocysts. We hy-
pothesize that the 1952 arrival of reindeer from 
Finnmark to the Ameralik caribou range intro-
duced reindeer-specific parasite fauna, which 
may be detected today, specifically Eimeria spp. 
We compare our results to those from the near-
by Akia-Maniitsoq and distant Kangerlussuaq-
Sisimiut populations. 
Materials and methods
Since eimerid parasite infections are typically 
more abundant and easier to detect in young 
animals (Skírnisson, 2007), fecal samples were 
obtained from three 4-5 month-old Ameralik 
calves in the period 6-15 October 2013. The 
calves (two females, one male) were shot in the 
Austmannadalen valley (64° 13’ 18” N; 50° 03’ 
18” W) of the inner Ameralik fjord, and ca. 90 
km south-east of the Akia-Maniitsoq study area 
in Steele et al. (2013a, b). 
Twenty grams feces from the rectum were 
submerged in 40 ml 3% K2Cr2O7 using an 
80 ml tight screw cap plastic tube. As eimerid 
identification and description requires sporu-
lated oocysts, the samples remained at room 
temperature for three to four weeks until arrival 
at Keldur Iceland, 5 November 2013, follow-
ing which they were refrigerated at 4°C until 
analysis. 
To obtain quantitative estimates of the 
number of nematode eggs and total coccidian 
(Eimeria spp.) oocyst excretion we employed 
the McMaster method (Anonymous 1986). 
Three grams of feces were suspended in 87 ml 
of water. After centrifugation, the supernatant 
was decanted and the tube refilled with Para-
sitosol (density 1.27g/ml, Meku®, DK 7171, 
Denmark) to the same level. Four McMaster 
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chambers (in two slides) were filled and 0.6 ml 
examined under a microscope at 125x magni-
fication. Thus, the minimum detectable hel-
minth egg and oocyst number per gram faeces 
(i.e., epg and opg respectively) were 50. 
Owing to top glass thickness of the McMas-
ter chamber, this method permits a maximum 
100 - 125x magnification under a microscope. 
Detailed morphological examination of oocysts 
and eggs require higher magnification, e.g., 
400x, 1,000x, or 1,250x. Therefore, we de-
veloped our own “chamber method” that not 
only enables high magnification examinations, 
but also facilitates egg and oocyst accumulation 
immediately underneath a cover glass. Approxi-
mately one gram feces was thoroughly mixed 
with 12ml Parasitosol floatation medium in a 
15ml test tube, and subsequently centrifuged at 
500x g for 10 minutes. This compelled oocysts 
and eggs to accumulate at the sample surface. 
Using a plastic pipette (large 4mm aperture) 
single drops were removed from that surface 
and transferred, one by one, into a ca. 0.3 
ml circular chamber (o-ring gasket, diameter 
20mm, sealed on a microscope slide). Once 
full, the chamber was covered by a 24 x 24mm 
cover-glass and morphological examinations of 
eggs and oocysts begun at the desired magnifi-
cation. 
Photographs were made with a Nikon DS-
Vi1 digital camera mounted on a Leica DMLB 
microscope equipped with 12.5x oculars 
and Nomarski (DIC) contrast. A calibrated 
eyepiece graticule was used to evaluate oocyst 
and egg size (length x width in µm). Length 
measurements and morphological examination 
were used to distinguish nematode egg type. 
Large (> 200µm) eggs are of the subfamily 
Nematodirinae (Fruetel & Lankester, 1989), 
while medium-sized (< 100µm) are a strongyle 
nematode (Rommel et al., 2000; Thienpont et 
al., 1979). Nematodirinae eggs were further 
identified using the key of Fruetel & Lankester 
(1989). Identification of eimerids detected 
in our study followed Gudmundsdottir & 
Skírnisson (2005; 2006).
Results
Two distinct nematode egg types as well as oo-
cysts of the coccidian Eimeria rangiferis were 
detected in the fecal samples.
Nematodes
Eggs of Nematodirella longissimespiculata were 
observed in all calves. Abundance was below 
the McMaster method detection level (50 epg). 
The “chamber method”, however, confirmed 
their presence (Figure 1), with average egg size, 
246x120 µm (range 210-280 x 115-125 µm, 
n= 9). Median egg length was 248 µm.
A second nematode egg type belonging to 
the group “other strongyles” (Figure 2), was ob-
served in one calf only. Abundance was again 
below the McMaster method detection level 
(50 epg), while the “chamber method” con-
firmed the presence of two eggs, both measur-
ing 97 x 52 µm.   
Figure 1. Nomarski interference contrast photomicro-
graph of two Nematodirella longissimespiculata eggs from 
feces of an Ameralik caribou calf (mixed native caribou 
and semi-domestic Norwegian reindeer) of West Green-
land. The ellipse eggs have a thin smooth surfaced chitin-
ous shell, rather sharp poles and similar side-walls. Eight 
dark-staining blastomeres are separated from the yolk 
membrane by a wide fluid-filled cavity. Bar = 100 µm.
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Coccidia
Eimeria rangiferis oocysts (Figure 3) were found 
in all calves. Abundances were 50, 50 and 650 
opg, for the male and two females respective-
ly. Average size (length x width) of the oocysts 
was 34.5 x 29.0 µm (range 29-40 x 26-34 µm, 




Our study documents for the first time the 
presence of Nematodirella longissimespicula-
ta in the Ameralik caribou population, which 
is a genetic mix of native caribou and intro-
duced semi-domesticated reindeer. Previously, 
eggs of an unknown Nematodirinae nema-
tode were reported from caribou in the near-
by Akia-Maniitsoq and more distant Kanger-
lussuaq-Sisimiut caribou populations (Steele et 
al., 2013a). It remains open if this is the same 
species. In key to ova of the gastrointestinal 
helminths of caribou in North America Frue-
tel & Lankester (1989) report that Nematodi-
rinae eggs with mean length > 240 µm belong 
to genus Nematodirella and mean egg length 
Figure 2. Nomarski interference contrast photomicrographs of two strongyle type nematode eggs from feces of Amer-
alik caribou calves (mixed native caribou and semi-domestic Norwegian reindeer) of West Greenland. The symmetri-
cal ellipse eggs have somewhat barrel-shaped side walls between two rounded poles. The thin chitinous shell is smooth 
surfaced. A large number of hardly distinguishable blastomeres occupy the entire decomposing eggs. Bar = 50 µm.
Figure 3. Nomarski interference contrast photomicro-
graph of sporulated  Eimeria rangiferis oocyst from feces 
of an Ameralik caribou calf (mixed native caribou and 
semi-domestic Norwegian reindeer) of West Greenland. 
Microphyle on the top of the oocyst is not in focus. Note 
the sporocyst residuum (arrow), 1 refractile body (line) in 
each sporozoite, and the Stieda body (black arrowhead). 
The spindle-shaped sporocyst has a slightly pointed end 
opposite the prominent Stieda body (white arrowhead). 
Bar = 10 µm.
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differs among regions; eggs < 230 µm in length 
belong to genus Nematodirus. In North Amer-
ica genus Nematodirus is represented by three 
well-known species in caribou; N. odocoilei 
(maximum egg length 180 µm), N. tarandi and 
N. helvetianus, (maximum egg length of both 
species 228 µm). In the present study nema-
todirinae egg lengths ranged from 210 to 280 
µm with average length of 246 µm. However, 
two eggs, measuring only 210 and 220 µm (one 
egg each from two calves) indicate that also a 
representative of genus Nematodirus might be 
present in the Ameralik caribou population. 
Removing the two shortest eggs, results in a 
mean and median Nematodirella sp. egg length 
of 255 µm (n=7) for Ameralik caribou in West 
Greenland. Given our limited sample size, cau-
tion is appropriate regarding species identifica-
tion. Also, there may be parasites present in the 
Ameralik caribou, e.g., Marshallagia marshalli, 
that went undetected.  Further investigation is 
warranted to definitively ascertain the presence 
of Nematodirella longissimespiculata in Amera-
lik caribou. 
Given that N. longissimespiculata occurs in 
Rangifer spp. across North America (Hoberg et 
al., 2001), this parasite could have arrived to 
West Greenland with the native caribou pop-
ulation that colonized Greenland thousands 
of years ago.  It has been suggested, however, 
that the N. longissimespiculata reported in the 
Kangerlussuaq-Sisimiut caribou population 
(Clausen et al., 1980, reported as N. longispicu-
lata; Korsholm & Olesen, 1993) were acquired 
from the sympatric muskoxen, which were im-
ported from northeast Greenland in 1962 (Bo-
ertmann et al., 1992). If the latter is true, then 
Akia-Maniitsoq and Ameralik caribou may also 
have recently acquired the N. longissimespicu-
lata parasite from those muskoxen. Since the 
turn of the century, observations confirmed 
that muskoxen from Kangerlussuaq-Sisimiut 
were crossing the Sukkertoppen Ice Cap and 
entering the Akia-Maniitsoq caribou range to 
the south. Subsequent observations have placed 
muskoxen ever further south, and since 2005 
muskoxen have been observed on the north-
eastern portion of Ameralik caribou range, 
several animals were within 10-25 km of our 
study area. Transmission of N. longissimespicu-
lata from muskoxen to Ameralik caribou and 
our sampled calves has been possible. Finally, 
N. longissimespiculata has been documented 
in Norwegian reindeer (Josefsen et al., 2014) 
and could have arrived to Greenland with their 
1952 release at Itivnera in the north Ameralik 
area.
Steele et al., (2013b) reported the presence 
of the strongyle Ostertagia gruehneri in Akia-
Maniitsoq caribou, however, it has not been re-
ported in the adjacent Kangerlussuaq-Sisimiut 
caribou population (Clausen et al., 1980, Kor-
sholm & Olesen, 1993; Steele et al., 2013b). 
Morphology of our study’s strongyle-type eggs 
(Figure 2) from Ameralik caribou coincides 
with descriptions of Ostertagia eggs (Thienpont 
et al., 1979; Fruetel & Lankester, 1989). Several 
strongyle nematodes, however, exhibit similar 
egg morphology making conclusive identifica-
tion to genus or species impossible. To explain 
Ostertagia gruehneri presence in Akia-Maniit-
soq and absence in Kangerlussuaq-Sisimiut, 
Steele et al. (2013b) suggested O. gruehneri was 
introduced to the Akia-Maniitsoq caribou with 
the import of semi-domestic reindeer from 
Finnmark Norway, which are known to carry 
this parasite (Josefsen et al., 2014). In contrast, 
today Icelandic reindeer lack O. gruehneri. This 
host-specific nematode may have disappeared 
from Iceland during the reindeer abundance 
bottleneck of the early 20th century.
Two further nematodes recently reported 
in Kangerlussuaq-Sisimiut, but not Akia-Ma-
niitsoq, include Marshallhagia marshalli and 
Teladorsagia boreoarcticus (Steele et al., 2013b). 
Earlier, Korsholm & Olesen (1993) reported 
M. marshalli and Teladorsagia circumcincta, 
however, the putative identity of the latter has 
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recently been questioned (Hoberg et al., 1999). 
Steele et al. (2013a) suggested M. marshalli in 
Kangerlussuaq-Sisimiut caribou was the result 
of spill-over from the introduced muskoxen. 
Given that muskoxen currently inhabit the 
caribou range of both Akia-Maniitsoq and Am-
eralik, future research may report M. marshalli 
in these areas. 
Coccidia
Eimeria rangiferis was found in all Amera-
lik caribou calves sampled. Previous stud-
ies have reported Eimeria spp. oocysts in the 
Akia-Maniitsoq (Steele et al., 2013b) and Kan-
gerlussuaq-Sisimiut caribou populations (Clau-
sen et al., 1980; Steele et al., 2013b) with Kor-
sholm & Olesen (1993) detecting two different 
Eimeria oocysts in the latter. Unfortunately, no 
descriptions of these eimerids are available. 
In Iceland three reindeer-specific protozoan 
parasites Eimeria hreindyria, E. mayeri and E. 
rangiferis were introduced with the arrival of 
semi-domestic reindeer from Finnmark Nor-
way (Gudmundsdottir & Skírnisson 2005; 
2006). Since the late 18th century saw the last 
translocation of reindeer to Iceland, these coc-
cidians have survived in the Icelandic reindeer 
population for over 200 years despite a near ex-
tinction of their hosts in the early 20th century. 
If this situation repeated itself when Finnmark 
reindeer were imported into West Greenland 
a century and a half later, then up to three 
eimerids originating in the Palaearctic could 
have been introduced to West Greenland.
Future research may enlighten what eimerid 
species occur in Greenland caribou. We expect 
that coccidian fauna in West Greenland also 
includes North American eimerid species that 
arrived when North American barren-ground 
caribou colonized the west coast of Greenland 
4000-7000 years ago (Roed, 2005; Steele et al., 
2013b). Although Eimeria spp. occurs in Ca-
nadian caribou (Frechette 1979; Susan Kutz & 
Karl Skírnisson, unpublished), currently no de-
scription exists on Eimeria spp. in caribou from 
the Nearctic. 
Acknowledgements
We thank the Rangifer Health Network and 
organizer Carlos Das Neves for financing the 
authors’ participation at the Egilsstadir Iceland, 
August 2012 Rangifer Health Network meet-
ing, which led to this collaborative project. We 
thank Michael Magee and Lorenz Meire for aid 
in collecting the fecal samples, and Gogie Mc-
Cullough for proof reading the manuscript.
References
Anonymous 1986. Manual of Veterinary 
Parasitological Laboratory Techniques. — 
Reference Book 418. London: Her Maj-
esty’s Stationery Office. 159 p.
Boertmann, D., Forchhammer, M., Olesen, 
C.R., Aastrup, P. & Ting, H. 1992. The 
Greenland muskox population status 1990. 
— Rangifer 12: 5-12.
Cuyler, C. 1999. Success and failure of rein-
deer herding in Greenland. Proceedings of 
the 10th Nordic Conference on Reindeer Re-
search, Kautokeino, Norway, 13-15 March 
1998.  — Rangifer 3: 81-92.
Cuyler, C., Rosing, M., Heinrich, R., Egede, 
J. & Mathæussen, L. 2007. Status of two 
West Greenland caribou populations 2006, 
1) Ameralik, 2) Qeqertarsuatsiaat. — 
Greenland Institute of Natural Resources. 
Technical report No. 67. 143 pp. (Part I: 
1-74; Part II: 75-143). 
Cuyler, L.C., Rosing, M., Linnell, J. D.C., 
Lund, P. M., Jordhøy, P., Loison, A. & 
Landa, A. 2003. Status of 3 West Green-
land caribou populations; 1) Akia-Maniit-
soq, 2) Ameralik & 3) Qeqertarsuatsiaat. — 
This journal is published under the terms of the Creative Commons Attribution 3.0 Unported License
Editor in Chief: Birgitta Åhman, Technical Editor Eva Wiklund and Graphic Design: H-G Olofsson, www.rangiferjournal.com 31Rangifer, 35, (1) 2015
Greenland Institute of Natural Resources. 
Technical report No. 46. 74 pp.
Dahlgren, S.S., Gjerde, B., Skírnisson, K. & 
Guðmundsdóttir, B. 2007. Morphological 
and molecular identification of three species 
of Sarcocystis in reindeer (Rangifer tarandus 
tarandus) in Iceland. — Veterinary Parasitol-
ogy 149: 191-198.
Frechette, J.J. 1979. Etude parasitologique sur 
les caribous (Rangifer tarandus caribou) de 
la Riviere Georges. — XXI World Veterinary 
Congress, Moscow, Russia, Summaries, Parasi-
tology, 2 (III): 25-26. 
Fruetel, M. & Lankester, M. W. 1989. Gas-
trointestinal helminths of woodland and 
barren ground caribou (Rangifer tarandus) 
in Canada, with keys to species. — Cana-
dian Journal of Zoology 67: 2253-2269.
Gudmundsdottir, B. & Skírnisson, K. 2005. 
Description of a new Eimeria species and 
redescription of Eimeria mayeri (Protozoa: 
Eimeriidae) from wild reindeer Rangifer 
tarandus in Iceland. — Journal of Parasitol-
ogy 91(2): 353-357. 
Gudmundsdottir, B. & Skírnisson, K. 
2006. The third Eimeria species (Protozoa: 
Eimeriidae) described from wild reindeer 
Rangifer tarandus in Iceland. — Parasitology 
Research 99: 659-662.
Hoberg, E.P., Monsen, K.J., Kutz, S.J., & 
Blouin, M.S. 1999. Structure, biodiversity, 
and historical biogeography of nematode 
faunas in Holarctic ruminants: morpho-
logical and molecular diagnoses for Tela-
dorsagia boreoarcticus  n. sp. (Nematoda: 
Ostertagiinae), a dimorph cryptic species in 
Muskoxen (Ovibos moschatus). — Journal of 
Parasitology 85: 910-934.
Hoberg, E.P., Kocan, A.A., & Rickard, L.G. 
2001. Gastrointestinal strongyles in wild ru-
minants. In: Samuel, Pybus & Kocan (eds) 
—Parasitic diseases of wild mammals. Iowa 
State University Press, 2nd ed.: 193-227.
Jepsen, B. I., Siegismund, H. R. & Fred-
holm, M. 2002. Population genetics of the 
native caribou (Rangifer tarandus groen-
landicus) and the semi-domestic reindeer 
(Rangifer tarandus tarandus) in Southwest-
ern Greenland: Evidence of introgression. 
— Conservation Genetics 3: 401-409.
Josefsen, T.D., Oksanen, A. & Gjerde, B. 
2014. Parasitter hos rein i Fennoskandia, en 
oversikt. — Norsk Veterinærtidskrift 2/2014, 
126: 185-201.
Korsholm, H. & Olesen, C. R. 1993. Pre-
liminary investigation on the parasite bur-
den and distribution of endoparasite species 
of muskox (Ovibos moschatus) and caribou 
(Rangifer tarandus groenlandicus) in West 
Greenland. — Rangifer 13: 185-189.
Roed, K.H., 2005. Refugial origin and post-
glacial colonization of holarctic reindeer 
and caribou. — Rangifer 25: 19-30.
Rommel, M., Eckert, J., Kutzer, E., Kör-
tling, W. & Schnieder, T. 2000. Veter-
inärmedicinische Parasitologie. [Veterinary 
Parasitology]. Parey Buchverlag, Berlin, 
Germany. 915 p. (In German).
Skírnisson, K. 2007. Eimeria spp. (Coccidia, 
Protozoa) infections in a flock of sheep in 
Iceland. Species composition and seasonal 
abundance. — Icelandic Agricultural Sciences 
20: 73-80.
Steele, J., Cuyler, C., Orsel, K. & Kutz, S. 
J. 2013a. Differences in parasite diversity, 
prevalence and intensity assessed through 
analyses of fecal samples from two West 
Greenland caribou populations. 13th Arctic 
Ungulates Conference, Aug 22‐26, 2011 – 
Yellowknife, NWT, Canada.  In: — Rangi-
fer, Special Issue No. 21, 33: 177-182.
Steele, J., Orsel, K., Cuyler, C., Hoberg, 
E., Schmidt, N.M. & Kutz, S.J. 2013b. 
Divergent parasite faunas in adjacent popu-
lations of west Greenland caribou: Natural 
and anthropogenic influences on diversity. 
— International Journal for Parasitology: 
Parasites and Wildlife. 2: 197-202. 
Rangifer,  35, (1) 2015This journal is published under the terms of the Creative Commons Attribution 3.0 Unported LicenseEditor in Chief: Birgitta Åhman, Technical Editor Eva Wiklund and Graphic Design: H-G Olofsson, www.rangiferjournal.com32
Thienpont, D., Rochette, F. & Vanparijs, 
O. F. J. 1979. Diagnosing helminthiasis 
through coprological examination. Janssen 
Research Foundation 1979. Beerse, Bel-
gium. 187 pp. 
Manuscript recieved 28 August 2014
revision accepted 12 February 2015
  manuscript published 16 March 2015
